The synthesis of nickel(II), palladium(II) and platinum(II) complexes with thiosemicarbazone and semicarbazone of p-tolualdehyde are reported. All the new compounds were characterized by elemental analysis, molar conductance measurements, magnetic susceptibility measurements, mass, 1 H-NMR, IR and electronic spectral studies. Based on the molar conductance measurements in DMSO, the complexes may be formulated as [Ni(L) 2 Cl 2 ] and [M(L) 2 ]Cl 2 (where M = Pd(II) and Pt(II)) due to their non-electrolytic and 1:2 electrolytic nature, respectively. The spectral data are consistent with an octahedral geometry around Ni(II) and a square planar geometry for Pd(II) and Pt(II), in which the ligands act as bidentate chelating agents, coordinated through the nitrogen and sulphur/oxygen atoms. The ligands and their metal complexes were screened in vitro against fungal species Alternaria alternata, Aspergillus niger and Fusarium odum, using the food poison technique.
INTRODUCTION
Thiosemicarbazones have aroused considerable interest in the field of chemistry and biology due to their antibacterial, antifungal, antimalarial, antineoplastic and antiviral activities. 1−5 The biological activities of thiosemicarbazones are considered to be related to their ability to form chelates with metals. The biological activities of metal complexes differ from those of either the free ligands or metal ions and increased or decreased activities in relation to the non-complexed thiosemicarbazones have been reported for several transition metal complexes. 6 After the discovery of the chemotherapeutically active platinum complexes of thiosemicarbazide derivatives, 7 most of the thiosemicarbazone compounds showing biological activities were synthesized. Among the metal complexes of thiosemicarbazones, the palladium(II) chelates have been especially studied regarding their antitumour potentials. 8, 9 Moreover, palladium(II) complexes with nitrogen-containing ligands are the subject of intensive biological evaluation in the search for less toxic and more selective anticancer therapies. 10, 11 In addition to these, Ni(II) and Pt(II) complexes of thiosemicarbazones have been reported as compounds that present biological activity. 12,13a In view of the above discussion, in the present paper the synthesis, spectral and antifungal studies of the bidentate ligands ( Fig. 1 ) with the Ni(II), Pd(II) and Pt(II) metal ions are reported. 
EXPERIMENTAL
All the employed chemicals were of analytical grade and procured from Sigma-Aldrich and Fluka. The metal salts were purchased from Merck and were used as received. All the employed solvents were of standard spectroscopic grade.
Synthesis of the ligands
Ligand L 1 . A hot ethanolic solution (20 ml) of thiosemicarbazide (1.82 g, 0.020 mol) and an ethanolic solution (20 ml) of p-tolualdehyde (2.18g, 0.020 mol) were mixed slowly with constant stirring. This mixture was refluxed at 70-80 °C for 3 h. On cooling, a white coloured compound precipitated out, which was filtered, washed with cold EtOH and dried under vacuum over P 4 
Synthesis of complexes
A hot ethanolic solution (20 ml) of the required metal salts (0.010 mol) was mixed with a hot ethanolic solution (20 ml) of the required ligand (0.010 mol). This reaction mixture was continuously stirred and refluxed for 4 h at 75 °C. On cooling, a coloured complex separated out, which was filtered, washed with cold ethanol and dried under vacuum over P 4 O 10 .
Physical measurements
Elemental analysis was performed on a Carlo-Erba EA 1106 elemental analyzer and the nitrogen content of the complexes was determined using the Kjeldahl method. 13b The molar conductivity was measured on a Elico CM82T conductivity bridge. The magnetic moment was measured at room temperature on a Gouy balance using CuSO 4 ·5H 2 O as the callibrant. Electronic impact mass spectra were recorded on a JEOL JMS-DX-303 mass spectrometer. The 1 H-NMR spectra of the ligands were recorded at room temperature on a Brucker Advance DPX-300 spectrometer using DMSO-d 6 as the solvent. The IR spectra were recorded as KBr pellets on a FTIR spectrum BX-II spectrometer. The electronic spectra were recorded in DMSO on a Shimadzu UV mini-1240 spectrophotometer.
Antifungal screening
The in vitro biological screening effects of the investigated compounds were tested against the fungal species Alternaria alternata, Aspergillus niger and Fusarium odum by the food poison method 14 using a potato dextrose agar medium. The stock solutions of compounds were prepared by dissolving the compounds in DMSO. Chlorothalonil was used as a commercial fungicide and DMSO served as the control. Appropriate quantities of the compounds in DMSO were added to obtain a concentration of 250 and 500 ppm of the compound in the medium. The medium was poured into a set of two Petri plates under aseptic conditions in a laminar flow hood. After solidification of the medium in the plates, a mycelial disc of 0.5 cm in diameter, cut from the periphery of a 7-day old culture, was aseptically inoculated upside down in the centre of the Petri plates. These treated Petri plates were incubated at 26±1 °C until fungal growth in the control Petri plates was almost complete.
The mycelial growth of the fungi (mm) in each Petri plates was measured diametrically and the growth inhibition (I, %) was calculated using the formula:
where d C and d T are the diameters of the fungus colony in the control and test plates, respectively.
RESULTS AND DISCUSSION
Based on the elemental analyses, the complexes were assigned the compositions shown in Table I The 1 H-NMR spectra (Table II) of the free ligands show three singlets at δ 3.41-3.45, 11.90-11.95 and 8.02-8.08 ppm due to the −NH 2 proton, −NH proton and azomethine proton (−CH=N−), respectively.
The IR spectra (KBr, cm −1 ) of the free ligands display two sharp bands at ca. 3420 and 3350 cm −1 , assignable to the asymmetric and symmetric NH 2 Table II . The magnetic moment of Ni(II) complexes lies in the range 2.95-2.98 µ B , corresponding to two unpaired electrons. These values are in tune with a high spin configuration and show the presence of an octahedral environment around the Ni(II) ion. However, all the Pd(II) and Pt(II) complexes (Table III) show diamagnetic behaviour. 
The electronic spectra of the Ni(II) complexes display three absorption bands in the ranges of 973-982 nm, 697-702 nm and 395-405 nm. These bands may be assigned to three spin-allowed transitions: 3 A 2g (F) → 3 T 2g (F) (ν 1 ), 3 A 2g (F) → → 3 T 1g (F) (ν 2 ) and 3 A 2g (F) → 3 T 1g (P) (ν 3 ), respectively. The positions of these bands indicate that the complexes have an octahedral environment. 15 transitions, respectively. The electronic spectra of these complexes indicate square planar geometry around the Pd(II) and Pt(II) ion. 19, 20 Based on the above spectral studies, the structures shown in Fig. 4 may be suggested for the complexes.
The results of fungicidal screening (Fig. 5) show that the metal complexes have a higher antimicrobial activity than the free ligands. The increased activity of the metal chelates can be explained based on the chelation theory. 21 On chelation, the polarity of the metal ion is reduced largely due to the overlap of the ligand orbital and the partial sharing of the positive charge of the metal ion with the donor groups. Furthermore, it increases the delocalization of the π-electrons over the whole chelating ring and enhances the penetration of the complexes into lipid membranes and blocking of the metal binding sites in the enzymes of microorganisms. There are other factors which also increase the activity, such as solubility, conductivity and bond length between the metal and the ligand. 
CONCLUSIONS
The present study revealed octahedral geometry around the Ni(II) and square planar geometry around the Pd(II) and Pt(II) complexes, in which the ligands act as bidentate chelating agents coordinating through the nitrogen and sulphur/ /oxygen atoms.
The determined antimicrobial activities indicate that the metal chelates show a greater inhibitory effect than the parent ligands. It is also proposed that concentration plays a vital role in increasing the degree of inhibition; as the concentration increases, the activity increases. It is also interesting to note that the sulphur bonded ligands and their complexes are more active than the oxygen bonded ligands and their complexes.
